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�� ,QWURGXFWLRQ

(OHFWURQ�VSLQ�UHVRQDQFH��(65���DOVR�NQRZQ�DV�HOHFWURQ�SDUDPDJQHWLF�UHVRQDQFH �(35�� UHIHUV�
WR�WKH�SKHQRPHQRQ�RI�D�UHVRQDQFH�WUDQVLWLRQ RFFXUV�EHWZHHQ�PDJQHWLF�HQHUJ\�OHYHOV�ZKHQ�WKH�
HOHFWURQ VSLQ�PDJQHWLF�PRPHQW�LV DIIHFWHG�E\�DQ�HOHFWURPDJQHWLF�ZDYH�RI�VSHFLILHG�IUHTXHQF\�
LQ� D� PDJQHWLF� ILHOG�� 7KLV� SKHQRPHQRQ� FDQ� EH� REVHUYHG� LQ� SDUDPDJQHWLF� VXEVWDQFHV� ZLWK�
XQSDLUHG� VSLQ� PDJQHWLF� PRPHQW� VXFK DV� ���� DWRPV� ZLWK RGG� QXPEHU� RI� HOHFWURQV�� H�J�
+\GURJHQ�DWRP������ LRQV�RI�QRW� IXOO\� ILOOHG�ZLWK HOHFWURQV� LQ� LQQHU�HOHFWURQLF�VKHOO� OD\HU�� H�J�
LRQV�RI� WUDQVLWLRQ�HOHPHQWV������PROHFXOHV ZLWK�RGG�QXPEHU�HOHFWURQV��H�J� 12������PROHFXOHV
ZLWK�QRQ�]HUR�WRWDO�DQJXODU�PRPHQWXP��H�J� 2�������IUHH�UDGLFDOV�JHQHUDWHG LQ�UHDFWLRQ�SURFHVV�
RU�E\� H[SRVLQJ WR� UDGLDWLRQ�� ���� XQSDLUHG� HOHFWURQV� LQ� VHPLFRQGXFWRUV�� DQG� VR�RQ� 7KHUHIRUH��
HOHFWURQ� VSLQ� UHVRQDQFH� LV� DQ� LPSRUWDQW�PHWKRG� WR� DFTXLUH� WKH�PLFUR�VWUXFWXUH� RI� VXEVWDQFHV�
WKURXJK�SURELQJ�WKH�XQSDLUHG�HOHFWURQV�LQ�WKH�PDWHULDO�DQG�DQDO\]LQJ�KRZ�WKH\�LQWHUDFW�ZLWK�WKH�
VXUURXQGLQJ�DWRPV��7KLV�PHWKRG�KDV�KLJK�VHQVLWLYLW\�DQG�UHVROXWLRQ��DQG�LW�LV�D�QRQ�GHVWUXFWLYH�
GHWHFWLRQ�WHFKQLTXH ZLGHO\�XVHG�LQ�SK\VLFV��FKHPLVWU\��ELRORJ\�DQG�PHGLFLQH��DQG�RWKHU�ILHOGV�
RI�VWXG\��

7KLV�V\VWHP RI�(65 LQ�PLFURZDYH�EDQG�LV�D�VSHFLDOO\�GHVLJQHG�WHDFKLQJ�DSSDUDWXV��,W LV�HDV\�
WR�XVH��VWDEOH��DQG�UHOLDEOH IRU�PRGHUQ SK\VLFV�H[SHULPHQWV�DQG�UHVHDUFK�SURMHFWV��

�� 7KHRU\

$��([SHULPHQWDO 6DPSOH

7KH�VDPSOH�SURYLGHG�LQ WKLV�H[SHULPHQW�LV�DQ�RUJDQLF�FRPSRXQG�FRQWDLQLQJ�IUHH�UDGLFDO��'33+�
�'L�SKHQ\O�SLFU\O�+\GUD]\O��ZLWK�D�PROHFXODU�IRUPXOD RI �&�+���1�1&�+��12�����,WV VWUXFWXUH�
LV�VKRZQ�LQ�)LJXUH����

)LJXUH���0ROHFXODU�VWUXFWXUH�RI�'33+

7KH VHFRQG�1 DWRP�ODFNV D�FRYDOHQW�ERQG��RU�KDV�DQ�XQSDLUHG�HOHFWURQ�RU��IUHH�HOHFWURQ���,W LV�D�
VWDEOH� RUJDQLF� IUHH� UDGLFDO� ZLWK RQO\� VSLQ� DQJXODU� PRPHQWXP� EXW� ODFNV RUELWDO� DQJXODU�
PRPHQWXP��,Q�RWKHU�ZRUGV� WKH�WRWDO�RUELWDO�DQJXODU�PRPHQWXP�LV�IXOO\�TXHQFKHG��6R��WKH�(65�
SKHQRPHQRQ�FDQ�EH�HDVLO\�REVHUYHG��$V WKH�³IUHH�HOHFWURQ´ LV�QRW�FRPSOHWHO\�IUHH��WKH�VWDQGDUG�
YDOXH�RI�J�IDFWRU�LV ������ DQG�WKH�VWDQGDUG�OLQH�ZLGWK�LV ���î���� 7�

%��&RPSDULVRQ�RI�(65�DQG�105�

(OHFWURQ�VSLQ�UHVRQDQFH �(65� LV�XVHG�WR�VWXG\�WKH�UHVRQDQFH�WUDQVLWLRQ�SKHQRPHQRQ�EHWZHHQ�
XQSDLUHG� HOHFWURQV�ZKLOH� QXFOHDU�PDJQHWLF� UHVRQDQFH� �105�� LV� XVHG� WR� VWXG\� WKH� UHVRQDQFH�
WUDQVLWLRQ�SKHQRPHQRQ�EHWZHHQ�WKH�=HHPDQ�HQHUJ\�OHYHOV�RI�PDJQHWLF�QXFOHL��%RWK�WHFKQLTXHV�
VKDUH PDQ\�FRPPRQ�IHDWXUHV�LQ�EDVLF�WKHRU\�DQG�H[SHULPHQWDO�PHWKRGV��VXFK�DV� WKH�FODVVLFDO�
UHVRQDQFH�SURFHVV�DQG�UHVRQDQFH FRQGLWLRQ��WKH GHVFULSWLRQ�RI�TXDQWXP�PHFKDQLFV��WKH�WKHRU\�
RI� UHOD[DWLRQ�DQG� WKH�%ORFK�HTXDWLRQ�DERXW WKH�GHVFULSWLRQ�RI� WKH�PDFURVFRSLF�PDJQHWL]DWLRQ�
YHFWRU��

6LQFH�WKH�UDWLR�EHWZHHQ�%RKU�PDJQHWRQ�DQG�QXFOHDU�PDJQHWRQ�LV�HTXDO� WR�WKH�PDVV�UDWLR�RI�D



�

SURWRQ�DQG�DQ HOHFWURQ�� L�H� ������������ LQ WKH�VDPH�PDJQHWLF�ILHOG�� WKH�VSOLWWLQJ�RI�D�QXFOHDU�
=HHPDQ�HQHUJ\�OHYHO�LV�WKUHH RUGHUV�VPDOOHU�WKDQ�WKDW�RI�DQ HOHFWURQ��6R� WKH�IUHTXHQF\�UDQJH�RI
RFFXUULQJ�(65 IDOOV�LQ�PLFURZDYH�EDQG DQG�(65�SKHQRPHQRQ�FDQ�EH�REVHUYHG�XQGHU�D�ZHDN�
PDJQHWLF�ILHOG� $FFRUGLQJ�WR� WKH� ODZ�RI�%ROW]PDQQ�GLVWULEXWLRQ��D� ODUJH�HQHUJ\�OHYHO�VSOLWWLQJ
UHVXOWV�LQ�D�ODUJH�SDUWLFOH�SRSXODWLRQ�GLIIHUHQFH�EHWZHHQ�WKH�XSSHU�DQG�WKH�ORZHU HQHUJ\�OHYHOV��
7KHUHIRUH� WKH�VHQVLWLYLW\�RI�(65�LV�KLJKHU�WKDQ�WKDW�RI�105� (65�FDQ�GHWHFW�D�VDPSOH�RI ����

PRO��,Q�DGGLWLRQ��WKH�SDUDPDJQHWLF�UHOD[DWLRQ�LQWHUDFWLRQ�RI�HOHFWURQV LV�PXFK�VWURQJHU�WKDQ�WKDW�
RI� QXFOHL�� DV� WKH� HOHFWURQ�PDJQHWLF�PRPHQW� LV� WKUHH� RUGHUV� ODUJHU� WKDQ� WKH� QXFOHDU�PDJQHWLF�
PRPHQW��([FHSW�IRU�UDGLFDOV��WKH�ORQJLWXGLQDO�UHOD[DWLRQ�WLPH�7� DQG�WUDQVYHUVDO�UHOD[DWLRQ�WLPH�
7� DUH�JHQHUDOO\�YHU\�VKRUW� VR (65�VSHFWUDO�OLQHV�DUH�JHQHUDOO\�ZLGH�

1RQHWKHOHVV��(65�FDQ�RQO\�LQYHVWLJDWH WKH�ORFDO�VWUXFWXUDO LQIRUPDWLRQ�ZLWKLQ�D�IHZ�DWRPV�WKDW�
DUH� UHODWHG� WR� XQSDLUHG� HOHFWURQV�� $OWKRXJK� (65� DQDO\VLV� RQ RUJDQLF� FRPSRXQGV� KDV OHVV
DGYDQWDJH RYHU 105��(65�FDQ�EH�HDVLO\ XVHG�WR�VWXG\�VROLG PDWHULDOV��7KH�JUHDWHVW�IHDWXUH RI�
(65 LV�WKDW�LW�LV�D GLUHFW�PHWKRG�IRU�WKH�GHWHFWLRQ�RI�XQSDLUHG�HOHFWURQV�LQ�VXEVWDQFHV�VR ORQJ�DV�
SDUDPDJQHWLF�FHQWHUV�H[LVW��)XUWKHUPRUH�� LI QR�XQSDLUHG�HOHFWURQV�H[LVW� LQ�DQ RULJLQDO�VDPSOH��
SDUDPDJQHWLF� FHQWHUV� FDQ� VWLOO� EH� FUHDWHG� E\�PHDQV� RI� DGVRUSWLRQ�� HOHFWURFKHPLFDO�� WKHUPDO��
KLJK�HQHUJ\�UDGLDWLRQ��FKHPLFDO�UHDFWLRQV��DQG�VR�RQ�

&��&RQGLWLRQV IRU�(65�

%DVHG�RQ DWRPLF�SK\VLFV��WKH�RUELWDO�DQJXODU�PRPHQWXP 3O DQG�VSLQ�DQJXODU�PRPHQWXP�3V RI�
DQ� HOHFWURQ� LQ� DWRPV� UHVXOW� LQ� FRUUHVSRQGLQJ� RUELWDO PDJQHWLF�PRPHQW��O DQG� VSLQ PDJQHWLF�
PRPHQW �V� 6R WKH�WRWDO�PDJQHWLF�PRPHQW��M FDXVHG�E\�WKH WRWDO�DQJXODU�PRPHQWXP�3M LV��
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ZKHUH�PH LV�WKH�PDVV�RI�DQ�HOHFWURQ� H LV�WKH�HOHFWURQ�FKDUJH��DQG� J LV�D�FRQVWDQW�FDOOHG�/DQGH�
J�IDFWRU� 7KH�PLQXV�VLJQ�LQ�HT������UHSUHVHQWV�WKH RSSRVLWH�GLUHFWLRQ�EHWZHHQ�WKH�WRWDO PDJQHWLF�
PRPHQW�DQG�WKH�WRWDO�DQJXODU�PRPHQWXP��%DVHG�RQ TXDQWXP�WKHRU\� WKH�/DQGH�J�IDFWRU�RI�D�/�
6�FRXSOLQJ LV�
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ZKHUH�/ DQG�6 DUH�WKH�TXDQWXP�QXPEHUV�RI�WKH�WRWDO�RUELWDO�DQJXODU�PRPHQWXP�DQG�WKH�WRWDO�
VSLQ�DQJXODU�PRPHQWXP��UHVSHFWLYHO\� VXPPHG�IURP�DOO�HOHFWURQV�WKDW�KDYH�FRQWULEXWLRQV��

)URP������LI�WKH�DWRP�PDJQHWLF PRPHQW�LV�IXOO\�FRQWULEXWHG�E\�HOHFWURQ�VSLQ PDJQHWLF�PRPHQW��
L�H��/ ���6 -� WKHQ�J �� LI� FRPSOHWHO\� FRQWULEXWHG E\� HOHFWURQ RUELWDO�PDJQHWLF�PRPHQW�� L�H��
/ -��6 �� WKHQ�J ���LI�FRQWULEXWHG�E\�ERWK��WKHQ���J����7KHUHIRUH��WKH�YDOXH�RI�J GHSHQGV RQ
WKH� VSHFLILF� VWUXFWXUH�RI� DWRPV��7KH�GHWHUPLQDWLRQ�RI�J�IDFWRU�E\� H[SHULPHQW� FDQ�H[SORUH� WKH�
VWDWXV�RI�HOHFWURQ�PRWLRQ�IRU�WKH�EHWWHU XQGHUVWDQGLQJ�RI�DWRPLF�VWUXFWXUH����

1RUPDOO\� WKH� XQLW� RI� DWRPLF�PDJQHWLF�PRPHQW� LV� UHSUHVHQWHG�E\�%RKU�PDJQHWRQ �%�� VR� WKH�
HOHFWURQ�PDJQHWLF�PRPHQW�LQ�DWRPV�FDQ�EH�ZULWWHQ�DV�
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ZKHUH�J LV FDOOHG�WKH�J\URPDJQHWLF�UDWLR��H[SUHVVHG�DV
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%DVHG�RQ TXDQWXP�PHFKDQLFV�� WKH�VSDWLDO�RULHQWDWLRQV�RI�DQJXODU�PRPHQWXP 3M DQG�PDJQHWLF�
PRPHQW �M DUH�TXDQWL]HG�LQ�DQ�H[WHUQDO PDJQHWLF�ILHOG DQG�WKHLU SURMHFWLRQ�FRPSRQHQWV�LQ�WKH�
GLUHFWLRQ�RI�WKH�H[WHUQDO�PDJQHWLF�ILHOG��=�D[LV� DUH�

!P3]  ���

!P] JP  ���

ZKHUH�P LV WKH�PDJQHWLF�TXDQWXP�QXPEHU �P M��M����«���M��

,I D�SDUDPDJQHWLF�VXEVWDQFH�ZLWK�D QRQ�]HUR�DWRPLF�PDJQHWLF�PRPHQW�LV�SODFHG�LQ�D�FRQVWDQW�
H[WHUQDO�PDJQHWLF�ILHOG %���WKH�LQWHUDFWLRQ�HQHUJ\�LV�GLVFRQWLQXRXV DV�

��� %PJ%P%( %M PJP � � � ! ���

7KH�VHSDUDWLRQ EHWZHHQ�DGMDFHQW PDJQHWLF�HQHUJ\�OHYHOV�LV�LGHQWLFDO�DV�

!�� ZP   ' %J( % ���

,I�DQ�$& HOHFWURPDJQHWLF�ILHOG LV�DSSOLHG�LQ�WKH�GLUHFWLRQ SHUSHQGLFXODU�WR�WKH�FRQVWDQW�H[WHUQDO�
PDJQHWLF�ILHOG %���ZLWK�D IUHTXHQF\�RI�

(' !Z ���

ZKHQ�Z Z���HOHFWURQV�FDQ WUDQVLW�EHWZHHQ�DGMDFHQW�HQHUJ\�OHYHOV��%\�DSSO\LQJ�DQ $&�PDJQHWLF�
ILHOG��WKH SKHQRPHQRQ�RI�UHVRQDQFH�DEVRUSWLRQ��RU�HPLVVLRQ��EHWZHHQ�HQHUJ\�OHYHOV�FDXVHG�E\�
WKH�LQWHUDFWLRQ�EHWZHHQ HOHFWURQ�VSLQ�PDJQHWLF�PRPHQW�DQG H[WHUQDO�PDJQHWLF� ILHOG LV NQRZQ�
DV�HOHFWURQ�VSLQ�UHVRQDQFH��(TXDWLRQ ����LV�WKH�UHVRQDQFH�FRQGLWLRQ��ZKLFK�FDQ�EH�UHZULWWHQ�DV�
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)RU�'33+ VDPSOH�� WKH� UHIHUHQFH�YDOXH RI�/DQGH�J�IDFWRU�LV ��������%\�VXEVWLWXWLQJ�FRQVWDQWV�
�% ��������������î��

��� 0H9�7�� DQG K ���������î����� 0H9�V LQWR�HTXDWLRQ�������ZH�JHW�

������� %I  ����

ZKHUH�WKH�XQLW�RI�%� LV�* �� * ���� 7� DQG WKH�XQLW�RI�I LV�0+]� ,I�D�PLFURZDYH�ZDYHOHQJWK�RI�
��FP�RU�IUHTXHQF\�RI������0+]�LV�XVHG�LQ�WKH�H[SHULPHQW��WKH�UHTXLUHG�PDJQHWLF�IOX[�VWUHQJWK�
IRU UHVRQDQFH�LV ���� *��$QRWKHU�QHFHVVDU\�FRQGLWLRQ�IRU�UHVRQDQFH�DEVRUSWLRQ�LV� WKH�SDUWLFOH�
QXPEHU�1��RQ�D�ORZHU HQHUJ\�OHYHO VKRXOG�EH�KLJKHU WKDQ�WKDW RQ�DQ�XSSHU HQHUJ\�OHYHO�LQ�DQ�
HTXLOLEULXP VWDWH��3DUWLFOH�GLVWULEXWLRQ�REH\V�%ROW]PDQQ�GLVWULEXWLRQ�XQGHU�WKHUPDO�HTXLOLEULXP��
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6LQFH�(�!(�� 1�!1���L�H��DEVRUSWLRQ�WUDQVLWLRQ��(�o(���LV�GRPLQDQW��$V�LQWHUDFWLRQV�DQG�HQHUJ\�
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H[FKDQJHV� EHWZHHQ VSLQ PDJQHWLF� PRPHQWV RU� EHWZHHQ� VSLQ� PDJQHWLF� PRPHQW� DQG� DURXQG�
SDUWLFOH��ODWWLFH��RFFXU DW�DQ\�WLPH� HOHFWURQV�RQ�XSSHU HQHUJ\�VWDWH�FDQ�UHWXUQ WR�ORZHU HQHUJ\�
VWDWH��FDOOHG�UHOD[DWLRQ��'XH�WR�WKLV�SURFHVV��PDJQHWLF�UHVRQDQFH�DEVRUSWLRQ�HIIHFW�FDQ�FRQWLQXH�
RYHU�WLPH��7KH�UHTXLUHG�WLPH�IRU�UHOD[DWLRQ�SURFHVV�LV�FDOOHG�UHOD[DWLRQ�WLPH 7��H[SUHVVHG�E\�
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ZKHUH� 7� LV� FDOOHG� ³VSLQ�ODWWLFH� UHOD[DWLRQ� WLPH´� RU ³ORQJLWXGLQDO� UHOD[DWLRQ� WLPH´� DQG� 7� LV�
FDOOHG�³VSLQ�VSLQ�UHOD[DWLRQ�WLPH´�RU�³WUDQVYHUVDO�UHOD[DWLRQ�WLPH´�

'��6SHFWUDO�/LQH�:LGWK

6LPLODU�WR�RSWLFDO VSHFWUDO�OLQH��(65�VSHFWUDO�OLQH�DOVR�KDV D�FHUWDLQ�OLQH�ZLGWK��,I�D�OLQH ZLGWK�LV�
H[SUHVVHG� LQ� IUHTXHQF\� XQLW�GQ�� WKHQ�GQ G(�K FRUUHVSRQGLQJ� WR� DQ� XQFHUWDLQW\� G( RI� HQHUJ\�
GLIIHUHQFH (' ��$FFRUGLQJ�WR�WKH�XQFHUWDLQW\�SULQFLSOH��L�H��WG(aK �W LV�WKH�OLIHWLPH RI�DQ�HQHUJ\�
OHYHO���ZH�KDYH�

W
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,W PHDQV�WKDW�D UHGXFWLRQ�RI�SDUWLFOH OLIHWLPH RQ�XSSHU�HQHUJ\�OHYHO� UHVXOWV�LQ�WKH ZLGHQLQJ�RI�
WKH�DVVRFLDWHG�VSHFWUDO�OLQH� 3DUWLFOH�OLIHWLPH�UHGXFWLRQ LV�FDXVHG�E\�VSLQ�ODWWLFH�LQWHUDFWLRQV DQG�
VSLQ�VSLQ�LQWHUDFWLRQV��)RU�PRVW IUHH�UDGLFDOV��VSLQ�VSLQ�LQWHUDFWLRQV�SOD\�D�PDMRU�UROH��7KLV NLQG�
RI LQWHUDFWLRQV LQFOXGHV LQWHUDFWLRQV�EHWZHHQ�XQSDLUHG�HOHFWURQV�DQG DGMDFHQW�QXFOHDU VSLQV�DV�
ZHOO� DV� LQWHUDFWLRQV EHWZHHQ� XQSDLUHG� HOHFWURQV� RI� WZR�PROHFXOHV�� $V� D� UHVXOW�� VSHFWUDO� OLQH�
ZLGHQLQJ�UHIOHFWV�WKH�LQWHUDFWLRQ�LQIRUPDWLRQ�EHWZHHQ�SDUWLFOHV� DQG LV�DQ�LPSRUWDQW�SDUDPHWHU�
LQ�HOHFWURQ�VSLQ�UHVRQDQFH�VSHFWURVFRS\��

8VLQJ�D SKDVH�VKLIWHG�VLJQDO�ZLWK�DQ RVFLOORVFRSH��D�JUDSK�FDQ�EH�DFTXLUHG�DQG�WKH�IXOO�ZLGWK�DW�
KDOI�PD[LPXP�RI�DQ�DEVRUSWLRQ�SHDN� '%� FDQ�EH�GHWHUPLQHG DV�VKRZQ�LQ�)LJ�����,I�WKH�VSHFWUDO�
OLQH�LV�D�/RUHQW]�W\SH��ZH�KDYH�
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7KHUHIRUH��WKH WUDQVYHUVDO UHOD[DWLRQ�WLPH�7� RI�WKH�UHVRQDQFH�VDPSOH�FDQ�EH�FDOFXODWHG��

)LJXUH���&DOFXODWLRQ�RI�WUDQVYHUVDO�UHOD[DWLRQ�WLPH�EDVHG�RQ�DEVRUSWLRQ�OLQH ZLGWK
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(��,QWURGXFWLRQ�WR 0LFURZDYH�DQG�0LFURZDYH�'HYLFHV

��� 0LFURZDYH�DQG�LWV�WUDQVPLVVLRQ

&RPPRQO\�XVHG�PLFURZDYH�WUDQVPLVVLRQ�GHYLFHV�LQFOXGH�FRD[LDO��ZDYHJXLGH��VWULS�OLQH��PLFUR�
VWULS�OLQH��DQG�VR�RQ��+ROORZ�PHWDO�WXEH�IRU�JXLGLQJ�HOHFWURPDJQHWLF�ZDYH�SURSDJDWLRQ�LV FDOOHG�
D�ZDYHJXLGH�ZKLFK�LV F\OLQGULFDO�ZLWK�D�UHFWDQJXODU�FURVV�VHFWLRQ�DV�VKRZQ�LQ�)LJXUH����)URP�
HOHFWURPDJQHWLF�ILHOG�WKHRU\��DQ�HOHFWURPDJQHWLF�ZDYH�SURSDJDWLQJ�LQ�IUHH�VSDFH�LV�WUDQVYHUVDO
�7(0���7KHRUHWLFDO DQDO\VLV� LQGLFDWHV� WKHUH�DUH�RQO\�WZR�W\SHV�RI�HOHFWURPDJQHWLF�ZDYHV� WKDW�
FDQ�H[LVW� LQ�ZDYHJXLGHV�� WUDQVYHUVDO�HOHFWULF �7(��ZDYH��HOHFWULF�ILHOG�KDYLQJ RQO\�WUDQVYHUVDO
FRPSRQHQW�DQG�PDJQHWLF�ILHOG�KDYLQJ ORQJLWXGLQDO�FRPSRQHQW���DQG�WUDQVYHUVDO PDJQHWLF��70��
ZDYH��PDJQHWLF�ILHOG�KDYLQJ RQO\�WUDQVYHUVDO FRPSRQHQW�DQG�HOHFWULF�ILHOG�KDYLQJ ORQJLWXGLQDO
FRPSRQHQW���,Q�SUDFWLFH��ZDYHJXLGHV�DUH�XVXDOO\�GHVLJQHG�WR�JXLGH�RQO\�VLQJOH�ZDYHIRUP��7(��

ZDYH LV�RQH�RI�WKH�VLPSOHVW�DQG�WKH�PRVW�FRPPRQO\�XVHG�ZDYHV��DOVR�FDOOHG�WKH�SULPDU\�ZDYH��
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)LJXUH���5HFWDQJXODU�ZDYHJXLGH

,I�D UHFWDQJXODU�ZDYHJXLGH�KDV�D FURVV�VHFWLRQ RI�DîE��DQG WKH�WXEH�LV ILOOHG�ZLWK�D�PHGLXP�RI�
GLHOHFWULF�FRQVWDQW�H DQG�PDJQHWLF�SHUPHDELOLW\ ���WKH�SURSDJDWLQJ�FRPSRQHQWV RI�D�7(�� ZDYH�
DORQJ�= GLUHFWLRQ�DUH��
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ZKHUH�Z Eî��H����� LV�WKH�DQJXODU�IUHTXHQF\�RI�WKH�HOHFWURPDJQHWLF�ZDYH��DQG�E �ʌ�OJ LV�FDOOHG�
WKH�SKDVH�FRQVWDQW��
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OJ LV�FDOOHG�ZDYHJXLGH�ZDYHOHQJWK��OF �D LV�WKH�FXWRII�RU�FULWLFDO�ZDYHOHQJWK��D ������PP�DQG�
E ������PP�LQ�WKLV�H[SHULPHQW�� DQG�O F�I LV WKH�ZDYHOHQJWK�RI�HOHFWURPDJQHWLF�ZDYHV�LQ�IUHH�
VSDFH�
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$�7(�� ZDYH�KDV�WKH�IROORZLQJ�FKDUDFWHULVWLFV��

D� 7KHUH�LV�D�FXWRII�ZDYHOHQJWK OF��VR�RQO\�WKH�HOHFWURPDJQHWLF�ZDYHV�ZLWK�D�ZDYHOHQJWK�
O�OF FDQ�SURSDJDWH LQ�WKH�ZDYHJXLGH�

E� (OHFWULF�ILHOG�YHFWRU�LV�SHUSHQGLFXODU�WR�WKH�ZLGHU ZDOO�RI�WKH�ZDYHJXLGH��RQO\ (\ H[LVWV���
$PSOLWXGH�LV�]HUR�DW ERWK�VLGHV�DORQJ�[ GLUHFWLRQ� PD[LPXP�DW�WKH�PLGGOH��DQG�XQLIRUP�
DORQJ�\ GLUHFWLRQ��0DJQHWLF�ILHOG�YHFWRU�H[LVWV�LQ�WKH�SODQH�RI�WKH�ZLGHU ZDYHJXLGH�ZDOO�
�RQO\ +[ DQG�+] H[LVW�� %HFDXVH� WKH�HOHFWULF� ILHOG�RI D�7(�� ZDYH�KDV RQO\� WUDQVYHUVDO
FRPSRQHQW��³�´�UHSUHVHQWV�RQH PD[LPXP�YDOXH�DORQJ�WKH�ZLGHU ZDOO GLUHFWLRQ� DQG�³�´�
PHDQV QR�FKDQJH�DORQJ�WKH�QDUURZHU ZDOO�GLUHFWLRQ��VLPLODUO\��7(PQ PHDQV�WKH HOHFWULF
ILHOG�KDV�P DQG�Q PD[LPXP�YDOXHV�DORQJ�WKH�ZLGHU DQG�QDUURZHU ZDOOV��UHVSHFWLYHO\����

,Q�SUDFWLFH��D�ZDYHJXLGH LV�QRW�LQILQLWH LQ�OHQJWK�DQG D ORDG�LV�FRQQHFWHG�DW�WKH WHUPLQDO��:KHQ�
WKH�LQFLGHQW�HOHFWURPDJQHWLF�ZDYH�LV QRW�FRPSOHWHO\�DEVRUEHG�E\�WKH�ORDG��D�UHIOHFWHG�ZDYH�ZLOO�
H[LVW�LQ�WKH�ZDYHJXLGH�VR�DV�WR�IRUP�D�VWDQGLQJ�ZDYH��$�UHIOHFWLRQ�FRHIILFLHQW�* DQG�D�VWDQGLQJ�
ZDYH�UDWLR��6:5��U DUH LQWURGXFHG�WR�GHVFULEH�WKLV�VWDWH��DV�
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ZKHUH�(U DQG�(L DUH�WKH�LQFLGHQW�DQG�UHIOHFWHG�ZDYHV DW D�VSHFLILF FURVV�VHFWLRQ��UHVSHFWLYHO\��M
LV�WKH�SKDVH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�ZDYHV��(PD[ DQG�(PLQ DUH�WKH�PD[LPXP�DQG�PLQLPXP�
YDOXHV RI�WKH�VWDQGLQJ�ZDYH�HOHFWULF�ILHOG��UHVSHFWLYHO\��7KH�UHODWLRQVKLS�EHWZHHQ�U DQG�* LV�
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,I WKH LQFLGHQW PLFURZDYH�LV�FRPSOHWHO\�DEVRUEHG�E\�WKH�ORDG�ZLWKRXW�UHIOHFWLRQ��LW LV�FDOOHG�WKH�
PDWFKLQJ VWDWH �_*_ ��DQG�U ���DQG�WKH�PLFURZDYH�LQ�WKH�ZDYHJXLGH�LV�D�WUDYHOLQJ�ZDYH��LI WKH�
WHUPLQDO�LV�DQ�LGHDO�FRQGXFWRU��D�WRWDO�UHIOHFWLRQ LV�IRUPHG �_*_ ��DQG�U f� \LHOGLQJ D VWDQGLQJ�
ZDYH VWDWH�� LI WKH� WHUPLQDO� LV� DQ� DUELWUDU\ ORDG�� SDUWLDO UHIOHFWLRQ� RFFXUV� \LHOGLQJ� D WUDYHOLQJ�
VWDQGLQJ�ZDYH VWDWH �RU�PL[LQJ�ZDYH�VWDWH��

��� 0LFURZDYH�GHYLFHV

D��6ROLG�VWDWH�PLFURZDYH�VLJQDO�VRXUFH

7ZR� W\SHV�RI�PLFURZDYH�RVFLOODWRUV�DUH� FRPPRQO\�XVHG��RQH� LV� WKH� UHIOH[�NO\VWURQ�RVFLOODWRU�
DQG�WKH�RWKHU�LV�D�*XQQ¶V�GLRGH�RVFLOODWRU��RU�NQRZQ�DV�D�VROLG�VRXUFH��

7KH�FRUH�RI�D *XQQ¶V�GLRGH�RVFLOODWRU LV�D�*XQQ¶V GLRGH�EDVHG�RQ� WKH FRQGXFWLYH�EDQG�GXDO�
YDOOH\�VWUXFWXUH��KLJK�ORZ HQHUJ\�YDOOH\V��RI�Q�W\SH�JDOOLXP�DUVHQLGH��,Q������ *XQQ�REVHUYHG�
WKDW��E\�DSSO\LQJ�D�'&�YROWDJH�WR WKH�WZR�HQGV�RI�DQ Q�W\SH�JDOOLXP�DUVHQLGH VDPSOH��VDPSOH�
FXUUHQW� LQFUHDVHV ZLWK�DQ� LQFUHDVH� LQ�YROWDJH� LQFUHDVLQJ�ZKHQ�YROWDJH� LV� ORZ� KRZHYHU�� LI� WKH�
YROWDJH� H[FHHGV D� FULWLFDO� YDOXH�� FXUUHQW� GHFUHDVHV DV� YROWDJH� LQFUHDVHV� OHDGLQJ� WR� D QHJDWLYH�
UHVLVWDQFH�HIIHFW��,I WKH�YROWDJH�FRQWLQXHV�WR�LQFUHDVH��9!9E���WKH�FXUUHQW�WHQGV WR VDWXUDWLRQ DV�
VKRZQ�LQ�)LJXUH���LQGLFDWLQJ�WKDW DQ�Q�W\SH�JDOOLXP�DUVHQLGH VDPSOH�KDV�D�QHJDWLYH�UHVLVWDQFH�
FKDUDFWHULVWLF�



�

)LJXUH�� &XUUHQW�YROWDJH FKDUDFWHULVWLF�RI�*XQQ¶V�GLRGH

7KH VROLG�VWDWH�PLFURZDYH�VLJQDO�VRXUFH�XVHG�LQ�WKLV�DSSDUDWXV�FRQVLVWV�RI�D�KRVW�HOHFWULF�XQLW��
DQ�RVFLOODWRU�DQG�DQ�LVRODWRU��7KH�*XQQ¶V�GLRGH�LV�PRXQWHG�LQ�D�ZDYHJXLGH�UHVRQDQW�FDYLW\�RI�
7(�� PRGH��%\�DGMXVWLQJ�WKH�PLFURPHWHU�RI�WKH�RVFLOODWRU��WKH�LQVHUWLRQ�GHSWK�RI�WKH�WXQLQJ�URG�
LQWR�WKH�ZDYHJXLGH�FDYLW\�FDQ�EH�DOWHUHG��WKHUHE\� WXQLQJ�WKH�UHVRQDQW�IUHTXHQF\�RI�WKH�RXWSXW�
PLFURZDYH��$GMXVWLQJ� WKH� WXQLQJ�VFUHZ� LQ� WKH� FHQWHU�RI� WKH� IODQJH� LQ� IURQW�RI� WKH�ZDYHJXLGH�
FDYLW\��DQ�RSWLPDO�FRXSOLQJ�EHWZHHQ�WKH�ZDYHJXLGH�FDYLW\�DQG�H[WHUQDO�ZDYHJXLGH�FLUFXLW�FDQ�
EH� DFKLHYHG�� �7KH� LVRODWRU� HQVXUHV� WKH�PDWFKLQJ�DQG� LVRODWLRQ�EHWZHHQ� WKH�RVFLOODWRU� DQG� WKH�
ORDG�DQG�PDNHV�WKH�PLFURZDYH�IUHTXHQF\�DQG�RXWSXW�SRZHU�VWDEOH��

7KURXJK� WKHVH� SUHVV� EXWWRQV� RQ� WKH� SDQHO� RI� WKH� KRVW� HOHFWULF� XQLW�� WKH�ZRUNLQJ�PRGH�RI� WKH�
RVFLOODWRU� FDQ� EH� VHOHFWHG� DV� HLWKHU� HTXDO�DPSOLWXGH� �L�H�� FRQWLQXRXV� ZDYH�� RU� VTXDUH� ZDYH��
:RUNLQJ�FXUUHQW�RU�YROWDJH�LV�GLVSOD\HG�RQ�D�������GLJLWV�PHWHU��7KH�RVFLOODWRU�LVRODWRU�XQLW�LV�
FRQQHFWHG�ZLWK�WKH�KRVW�HOHFWULF�XQLW�WKURXJK�D�FDEOH��:DUQLQJ��7XUQ�RII�HOHFWULF�SRZHU�EHIRUH�
FRQQHFWLQJ�GLVFRQQHFWLQJ�DQ\ FDEOH�WR�DYRLG�GDPDJH�WR�WKH�HOHFWULF�FRQWURO�XQLW���

7KH�IUHTXHQF\�RI�WKH�RXWSXW�PLFURZDYH�FDQ�EH�FKDQJHG�E\�DGMXVWLQJ�WKH�PLFURPHWHU�KHDG��7KH�
IUHTXHQF\�YDOXH�FDQ�EH�GHWHUPLQHG�IURP�WKH�PLFURPHWHU�UHDGLQJ�E\�ORRNLQJ�WKH�³&RPSDULVRQ�
7DEOH�RI�)UHTXHQF\�0LFURPHWHU�6FDOH�´�,Q�RUGHU�WR�DFFXUDWHO\�GHWHUPLQH�WKH�IUHTXHQF\�RI�WKH�
RVFLOODWRU��DQ�H[WHUQDO�IUHTXHQF\�FRXQWHU�RU�ZDYHOHQJWK�PHWHU�QHHGV�WR�EH�XVHG��

,I�WKH�PLFURZDYH�RXWSXW�LV�FRQQHFWHG�ZLWK�D�PLFURZDYH�GHWHFWRU��SUHVVLQJ�GRZQ�WKH�³6TXDUH´�
ZDYH�PRGH�EXWWRQ�� WKH�RXWSXW�RI� WKH�GHWHFWRU�ZLOO� EH� VTXDUH�ZDYH� WRR�ZKHQ�REVHUYHG�RQ�DQ�
RVFLOORVFRSH��,I�WKH�RXWSXW�ZDYHIRUP�LV�QRW�D�UHJXODU�VTXDUH�ZDYH��XVH�D�VFUHZGULYHU�WR�ILQHO\�
DGMXVW�WKH�³$GM�´�VFUHZ�RQ�WKH�IURQW�SDQHO�WR�DFKLHYH�D�VDWLVILHG�VTXDUH�ZDYH�RXWSXW�ZDYHIRUP��
�1RWH��VTXDUH�ZDYH�KDV�EHHQ�SUHVHW�LQ�IDFWRU\��

E��,VRODWRU

$Q�LVRODWRU LV�DQ�LUUHYHUVLEOH�DWWHQXDWRU�ZKRVH DWWHQXDWLRQ�LV�YHU\�VPDOO�LQ�WKH�SRVLWLYH�GLUHFWLRQ�
�RU�WKH�WUDQVPLVVLRQ�GLUHFWLRQ��DW�DERXW���� G%�RU�VR��EXW YHU\�ODUJH�LQ�WKH�RSSRVLWH�GLUHFWLRQ XS
WR� GR]HQV� RI� G%��7KH DWWHQXDWLRQ� UDWLR� RI� ERWK� GLUHFWLRQV LV� FDOOHG� LVRODWLRQ�� ,I� DQ� LVRODWRU� LV�
PRXQWHG�EHKLQG�D PLFURZDYH�VRXUFH��LW�KDV�YHU\�OLWWOH�DWWHQXDWLRQ�WR WKH�RXWSXW�SRZHU�EXW YHU\�
ODUJH�DWWHQXDWLRQ�WR�WKH�UHIOHFWHG�ZDYH��+HQFH��WKH�LPSDFW�RQ WKH�IUHTXHQF\�DQG�RXWSXW�SRZHU�
RI�D PLFURZDYH�VRXUFH�GXH�WR�ORDG�YDULDWLRQV�LV�HOLPLQDWHG��

F��0DJLF�WHH

$ PDJLF�WHH �RU PDJLF�7 RU K\EULG�WHH��LV D K\EULG RU ��G%�FRXSOHU XVHG�LQ PLFURZDYH V\VWHPV��
,WV�VWUXFWXUH�LV�VKRZQ�LQ�)LJXUH����
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)LJXUH�� 6WUXFWXUH�RI�D�PDJLF�WHH

7KH�PDJLF�WHH�LV�D�FRPELQDWLRQ�RI (�DQG�+�SODQH WHHV��$UP���IRUPV�DQ�+�SODQH�WHH�ZLWK�DUPV���
DQG����$UP��� IRUPV� DQ�(�SODQH� WHH�ZLWK� DUPV��� DQG����$UPV� �� DQG��� DUH� VRPHWLPHV� FDOOHG�
WKH VLGH RU FROOLQHDU DUPV�� 3RUW� �� LV� FDOOHG� WKH +�SODQH� SRUW� DQG� SRUW� �� LV� WKH (�SODQH� SRUW��$�
VLJQDO�LQMHFWHG�LQWR�WKH�+�SODQH�SRUW�ZLOO�EH�GLYLGHG�HTXDOO\�EHWZHHQ�SRUWV���DQG����DQG�ZLOO�EH�
LQ�SKDVH��$�VLJQDO�LQMHFWHG�LQWR�WKH�(�SODQH�SRUW�ZLOO�DOVR�EH�GLYLGHG�HTXDOO\�EHWZHHQ�SRUWV���
DQG����EXW�ZLOO�EH�����GHJUHHV�RXW�RI�SKDVH��,I�VLJQDOV�DUH�IHG�LQ�WKURXJK�SRUWV���DQG����WKH\�DUH�
DGGHG�DW�WKH�+�SODQH�SRUW�DQG�VXEWUDFWHG�DW�WKH�(�SODQH�SRUW�

G��&U\VWDO�GHWHFWRU

3RLQW FRQWDFW�GLRGH��RU�PLFURZDYH�GLRGH�� LV�XVHG� LQ�PLFURZDYH�GHWHFWLRQ�V\VWHPV�ZLWK�RXWHU�
VKHOO�PDGH�RI KLJK�IUHTXHQF\�DOXPLQXP�SRUFHODLQ��DV�VHHQ�LQ�)LJ� �� $�FU\VWDO�GHWHFWRU�FRQVLVWV�
RI�D�VHJPHQW�RI�ZDYHJXLGH�DQG�D�PLFURZDYH�GLRGH��,QVHUWLQJ�D PLFURZDYH�GLRGH�EHWZHHQ WKH�
WZR�ZLGH�ZDOOV RI�D ZDYHJXLGH��GHWHFWV WKH�LQGXFWLRQ�YROWDJH EHWZHHQ�WKH�WZR�DUPV��ZKLFK�LV�
SURSRUWLRQDO�WR�WKH�HOHFWULF�ILHOG�VWUHQJWK�

)LJXUH���6WUXFWXUH�RI�D�FU\VWDO�GHWHFWRU

H��)UHTXHQF\�PHWHU

$Q�³DEVRUSWLRQ�W\SH´�UHVRQDQFH IUHTXHQF\�PHWHU�LV�XVHG�LQ�WKLV�H[SHULPHQW��ZKLFK�FRQWDLQV�D�
KROORZ� F\OLQGULFDO� FDYLW\� ZLWK� D� WXQLQJ� PLFURPHWHU� PDUNHG� VFDOHV�� 7KH� KROORZ� FDYLW\� LV�
FRXSOHG�WR�D�VWUDLJKW�ZDYHJXLGH�WKURXJK�D�KROH�WR�IRUP�D�ZDYHJXLGH�EUDQFK�SURSDJDWHG�E\�WKH�
PLFURZDYH�XQGHU WHVW�� ,I� WKH�FDYLW\�RI� WKH� IUHTXHQF\�PHWHU� LV�QRQ�PDWFKLQJ�ZLWK� WKH�VWUDLJKW�
ZDYHJXLGH��WKH�HOHFWURPDJQHWLF�ILHOG�LQ�WKH�FDYLW\�LV�ZHDN�DQG�KHQFH�WKH�FDYLW\�GRHV�QRW�DEVRUE�
PLFURZDYH�SRZHU� �QR� LPSDFW� RQ� WKH�PLFURZDYH�SURSDJDWLRQ� LQ� WKH�ZDYHJXLGH���8QGHU� VXFK�
FDVH��WKH�VLJQDO�UHDGRXW�DW�WKH�V\VWHP�WHUPLQDO�UHPDLQV�FRQVWDQW��%\�DGMXVWLQJ�WKH�PLFURPHWHU�
WR�UHDFK�D�PDWFKLQJ�VWDWH��D�SRUWLRQ�RI� WKH�PLFURZDYH�SRZHU�LQ� WKH�VWUDLJKW�ZDYHJXLGH�HQWHUV�
WKH� FDYLW\�� OHDGLQJ� WR� D� UHGXFWLRQ� RI� WKH� VLJQDO� UHDGRXW� DW� WKH� V\VWHP� WHUPLQDO�� :KHQ� WKH�
GHWHFWRU� UHDFKHV� DQ� DEVRUSWLRQ� SHDN�� WKH� UHVRQDQW� IUHTXHQF\� RI� WKH� FDYLW\� LV� WKH�PLFURZDYH�
IUHTXHQF\�� ZKLFK� FDQ� EH� GHWHUPLQHG� IURP� WKH� PLFURPHWHU� UHDGLQJ� WKURXJK� ORRNLQJ� WKH�
³)UHTXHQF\�6FDOH�7DEOH�RI��FP�&DYLW\�:DYHOHQJWK�0HWHU´�
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I��5HFWDQJOH�UHVRQDQFH�FDYLW\�

$� UHFWDQJOH� UHVRQDQFH� FDYLW\� FRQVLVWV� RI� D� UHFWDQJOH� ZDYHJXLGH� ZLWK� D� PHWDO� SODWH� RQ� WKH�
HQWUDQFH��ZH�FDOO�WKH�SODWH�DV�³&RXSOLQJ�SODWH´���7KH�PHWDO�SODWH�KDV�D�VPDOO�DSHUWXUH�WR�DOORZ�
WKH�HQWUDQFH�RI�PLFURZDYH�WR�WKH�ZDYHJXLGH��7KH�RWKHU�HQG�RI�WKH�ZDYHJXLGH�LV�FRQQHFWHG�E\�D�
VKRUW�FLUFXLW�SLVWRQ� WR� IRUP�D�UHIOHFWLYH�UHVRQDQFH�FDYLW\��$V� WKH�HOHFWURPDJQHWLF�ZDYH� LQ� WKH�
FDYLW\� IRUPV� D� VWDQGLQJ� ZDYH�� WKH� DPSOLWXGHV� RI� WKH� HOHFWULF� DQG� PDJQHWLF� ILHOGV� LQ� WKH�
UHVRQDQFH�FDYLW\�IROORZ�FHUWDLQ�VSDWLDO�GLVWULEXWLRQV��,Q�WKLV�DSSDUDWXV��D�QDUURZ�VOLW�LV�RSHQHG�
RQ� WKH�ZLGH� VLGH� RI� WKH� FDYLW\�� $Q� H[SHULPHQWDO� VDPSOH� LV� SODFHG� LQ� WKH� FDYLW\� DQG� FDQ� EH�
PRYHG�DORQJ�WKH�FDYLW\�E\�D�WUDQVODWLRQ�PHFKDQLVP�WKURXJK�WKH�VOLW��7KH�SRVLWLRQ�RI�WKH�VDPSOH�
FDQ�EH�UHDG�IURP�WKH�VFDOH��:KHQ�WKH�VDPSOH�LV�ORFDWLQJ�DW�WKH�PD[LPXP�DPSOLWXGH�RI�WKH�ILHOG��
UHVRQDQFH�DEVRUSWLRQ�SHDN�ZLOO�EH�REVHUYHG�

J��6KRUW�FLUFXLW�SLVWRQ

$ VKRUW�FLUFXLW�SLVWRQ�WKDW�LV�DWWDFKHG�WR�WKH�WHUPLQDO�RI�D�WUDQVPLVVLRQ�V\VWHP�LV�D�VLQJOH�DUP�
PLFURZDYH�GHYLFH��DV�VHHQ�LQ�)LJ� ���,W�KDV QR�LQIOXHQFH�RQ�WKH�LQFLGHQW�PLFURZDYH�SRZHU DV�LW�
IXOO\�UHIOHFWV�PLFURZDYH�SRZHU�ZLWKRXW�DEVRUSWLRQ�WR�IRUP�D�VWDQGLQJ�ZDYH�LQ�D�WUDQVPLVVLRQ�
V\VWHP��,W�LV�D�UHFWDQJOH ZDYHJXLGH�ZLWK�D�PRYDEOH�PHWDO�VKRUW�FLUFXLW�HQG�WKDW�FDQ�EH�DGMXVWHG�
ZLWK D�PLFURPHWHU��,Q�WKLV�DSSDUDWXV��D VKRUW�FLUFXLW�SLVWRQ�DQG�D UHFWDQJXODU UHVRQDQFH�FDYLW\�
IRUP DQ�DGMXVWDEOH�UHFWDQJXODU�UHVRQDWRU�

)LJXUH�� 6WUXFWXUH�RI�D�VKRUW�FLUFXLW�SLVWRQ

K��6LQJOH�VWXE�WXQHU

$� WUDQVPLVVLRQ� OLQH� WKDW� LV� WHUPLQDWHG� ZLWK� D� ORDG� LPSHGDQFH� HTXDO� WR� WKH� FKDUDFWHULVWLF�
LPSHGDQFH�=R RI� WKH� OLQH�ZLOO�QRW� UHIOHFW�DQ� LQFLGHQW�ZDYH�DW� WKDW�SRLQW�� DQG� WKH� WUDQVPLVVLRQ�
OLQH� LV�VDLG� WR�EH� LPSHGDQFH�PDWFKHG��+RZHYHU��D� WUDQVPLVVLRQ� OLQH� WKDW� LV� WHUPLQDWHG ZLWK�D�
ORDG� LPSHGDQFH� GLIIHUHQW� WKDQ� =R ZLOO� UHIOHFW� SDUW� RI� DQ� LQFLGHQW� ZDYH� EDFN� WRZDUG� WKH�
JHQHUDWRU��5HIOHFWLRQV�DUH�RIWHQ�XQGHVLUDEOH�DQG� VKRXOG�EH�HOLPLQDWHG�� ,I� WKH� ORDG� LPSHGDQFH�
KDV�D�QRQ]HUR�UHDO�SDUW��LW� LV�SRVVLEOH�WR�HOLPLQDWH�WKH�UHIOHFWLRQ�E\�SODFLQJ�D�SURSHU�OHQJWK�RI�
WUDQVPLVVLRQ� OLQH� �WKH� VWXE�� DW� WKH� ULJKW� SODFH�� $� SURSHUO\� ORFDWHG� VWXE� RI� WKH� SURSHU� OHQJWK
FRPELQHV ZLWK� WKH� ORDG� LPSHGDQFH� WR� \LHOG� HTXLYDOHQW� LPSHGDQFH� HTXDO� WR� =R�� DQG� WKXV�
LPSHGDQFH� PDWFKHV WKH� WUDQVPLVVLRQ� OLQH� DW� WKH� SRLQW� ZKHUH� WKH� VWXE� MRLQV� WKH� PDLQ�
WUDQVPLVVLRQ�OLQH��7KLV�SURFHGXUH�LV�NQRZQ�DV�VLQJOH�VWXE�WXQLQJ�RU�VWXE�PDWFKLQJ��6WXE�WXQLQJ�
FDQ�JLYH�LPSHGDQFH�PDWFKLQJ�RQO\�DW�D�VLQJOH�IUHTXHQF\�

�� :RUNLQJ�3ULQFLSOH DQG�6SHFLILFDWLRQV

7KLV�H[SHULPHQWDO�V\VWHP�RI�PLFURZDYH�HOHFWURQ�SDUDPDJQHWLF� UHVRQDQFH�ZRUNV LQ� WKH� WKUHH�
FHQWLPHWHU�EDQG��IUHTXHQF\�QHDU����� 0+]���$Q�DGMXVWDEOH�UHFWDQJXODU�UHVRQDQW�FDYLW\ LV�XVHG
ZLWK�WKH V\VWHP�EORFN�GLDJUDP�VKRZQ�LQ�)LJXUH����
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)LJXUH���%ORFN�GLDJUDP�RI�WKH�H[SHULPHQWDO�V\VWHP

7KH�PLFURZDYH�VLJQDO� VRXUFH�SURYLGHV� D�PLFURZDYH�VLJQDO� DW a���� 0+]� 7KURXJK� LVRODWRU��
DWWHQXDWRU��DQG�ZDYHOHQJWK�PHWHU��WKH�PLFURZDYH�VLJQDO�LV�HTXDOO\�GLYLGHG�LQWR�WZR�SRUWLRQV�E\
WKH� PDJLF WHH� ,Q� RQH� DUP�� WKH� PLFURZDYH� VLJQDO HQWHUV� WKH� DGMXVWDEOH� UHFWDQJXODU� VDPSOH�
UHVRQDQFH� FDYLW\ ZKRVH� OHQJWK� FDQ� EH� FKDQJHG� ZLWK D� PRYDEOH� SLVWRQ� DW� WKH� HQG� RI� WKH�
UHFWDQJXODU�FDYLW\��7R�HQVXUH�WKDW�WKH�VDPSOH�SUH�LQVWDOOHG�LQ�WKH�FDYLW\�ORFDWHV DW�WKH�PD[LPXP�
SRLQW�RI� WKH�PLFURZDYH�PDJQHWLF� ILHOG� VWUHQJWK�� D�QDUURZ�VOLW� LV� RSHQHG� LQ� WKH�PLGGOH�RI� WKH�
ZLGH�VLGH�RI�WKH�UHVRQDQW FDYLW\��7KURXJK�D�PHFKDQLFDO�DFWXDWRU��WKH�VDPSOH�FDQ�EH�SODFHG�DW�
DQ\ZKHUH�LQ�WKH�UHVRQDQW�FDYLW\��7KH�SRVLWLRQ�FDQ�EH�UHDG�RXW�IURP�WKH�VFDOH�RQ�WKH�VLGH��7KH�
H[SHULPHQWDO VDPSOH LV RUJDQLF�IUHH�UDGLFDO�'33+�VHDOHG�LQ�D�JODVV�WXEH�

³;´�SRUW�RI�WKH�PDLQ�XQLW SURYLGHV�D�V\QFKURQL]DWLRQ�VLJQDO�IRU�RVFLOORVFRSH��$GMXVWLQJ ³3KDVH´�
NQRE DOORZV�WKH�WZR�UHVRQDQFH�DEVRUSWLRQ�SHDNV�RI�WKH�QHJDWLYH�KDOI�DQG�WKH�SRVLWLYH�KDOI�VLQH�
ZDYH�VFDQQLQJ�WR�EH�RYHUODSSHG��:KHQ�XVLQJ�DQ�RVFLOORVFRSH��WKH�VFDQ�VLJQDO�LV�WKH�������+]�
VLQH ZDYH�RXWSXW� IURP� WKH�PDLQ�XQLW�� DQG�<�D[LV� LV� WKH�PLFURZDYH� VLJQDO� IURP� WKH�GHWHFWRU��
6XEVWLWXWLQJ�PDJQHWLF�ILHOG�VWUHQJWK % DQG�PLFURZDYH�IUHTXHQF\�I�LQWR�WKH�PDJQHWLF�UHVRQDQFH�
FRQGLWLRQ HTXDWLRQ ������WKH�/DQGH¶V�J�IDFWRU�FDQ�EH�GHULYHG��

%\�XVLQJ�WKH DGMXVWDEOH�UHFWDQJOH�UHVRQDQW�FDYLW\��WKH�IROORZLQJ�H[SHULPHQW FDQ�EH�FRQGXFWHG��
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